A BS TRACT: Background: Lifestyle factors may contribute to the development of Parkinson's disease, but little is known about factors that influence progression. The objective of the current study was to examine whether caffeine or alcohol consumption, physical activity, or cigarette smoking is associated with progression and survival among PD patients. Methods: We assessed lifelong coffee, tea, and alcohol consumption, smoking, and physical activity in a prospective community-based cohort (n = 360). All patients were passively followed for mortality (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016); 244 were actively followed on average AE SD 5.3 AE 2.1 years (2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014). Movement disorder specialists repeatedly assessed motor function (Hoehn & Yahr) and cognition (Mini-Mental State Exam). We used Cox proportional hazards models and inverse probability weights to account for censoring. Results: Coffee, caffeinated tea, moderate alcohol consumption, and physical activity were protective against at least 1 outcome. Smoking and heavy alcohol consumption were associated with increased risks. Coffee was protective against time to Hoehn & Yahr stage 3 (hazard ratio, 0.52; 95% confidence interval, 0.28-1.01), cognitive decline (hazard ratio, 0.23; 95% confidence interval, 0.11, 0.48), and mortality (hazard ratio, 0.47; 95% confidence interval, 0.32-0.69). Relative to moderate drinkers, those who never drank liquor and those who drank more heavily were at an increased risk of Hoehn & Yahr 3 (hazard ratio, 3.48; 95% confidence interval, 1.90-6.38; and hazard ratio, 2.16; 95% confidence interval, 1.03, 4.54, respectively). A history of competitive sports was protective against cognitive decline (hazard ratio, 0.46; 95% confidence interval, 0.22-0.96) and Hoehn & Yahr 3 (hazard ratio, 0.42; 95% confidence interval, 0.23-0.79), as was physical activity measured by metabolic-equivalent hours. Current cigarette smoking was associated with faster cognitive decline (hazard ratio, 3.20; 95% confidence interval, 1.02-10.01).
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Predicting and eventually preventing progression is important to patients. Understanding how lifestyle factors contribute may be a first step toward stabilizing or preventing PD progression, especially as current treatments do not halt or reverse disease, but primarily address and ameliorate motor symptoms.
Epidemiologic studies have identified lifestyle factors that may influence the development of PD. Coffee and moderate alcohol consumption, physical activity, and cigarette smoking have all been inversely associated with PD onset. [2] [3] [4] How or whether these factors may affect disease progression is unclear, but some smaller or short-term patient cohorts found neither smoking nor coffee consumption to influences PD motor progression. [5] [6] [7] Whether coffee or alcohol consumption and cigarette smoking influence cognitive decline in PD is Funding agencies: This work was supported by the National Institute of Environmental Health Science (grant numbers F32-ES028087, R01-ES010544, U54-ES012078), the American Parkinson's Disease Association (APDA), the Veterans Administration Healthcare System (SW PADRECC), the Levine Foundation, and the Parkinson Alliance.
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even less studied. Nonpharmacologic therapies for PD, including physical activity, are recommended based on evidence that exercise interventions benefit physical functioning, balance, and gait and may protect PD patients against dementia. 8, 9 The aim of the present study was to examine whether coffee or alcohol consumption, physical activity, or cigarette smoking habits in adults before PD diagnosis influences motor progression, cognitive decline, and survival in a population-based PD patient cohort.
Methods
All procedures described were approved by the University of California at Los Angeles (UCLA) Human Subjects Committee, and informed consent was obtained from all participants.
Subjects
PD patients enrolled early in the disease (within 3 years of diagnosis; average, 2.1 years) were recruited as part of the population-based Parkinson's Environment and Gene study in central California (2001) (2002) (2003) (2004) (2005) (2006) (2007) . 10, 11 Patients were recruited through medical groups, neurologists, and public service announcements. Patient inclusion criteria included having received a PD diagnosis within 3 years and living in 1 of 3 central California counties (Kern, Fresno, and Tulare). Briefly, 473 eligible patients were seen by movement disorder specialists, 94 did not meet published criteria for idiopathic PD 12 at baseline, 6 had incomplete data and could not be recontacted, and 13 were reclassified as not suffering from idiopathic PD during follow-up.
All patients (n = 360) with confirmed clinically probable or possible PD by a UCLA movement disorder specialist are included in survival analyses; 252 of these patients were assessed for signs of progression over follow-up (2 to 4 examinations; conducted in 2007-2014). At first attempted recontact, 108 of the initial patients could not be reexamined (64 were deceased, 6 too ill, 17 withdrew, and 21 could not be contacted). Of the remaining 252 patients, 8 did not provide the data necessary for at least 1 progression analysis. More detail on the longitudinal patient cohort has been published. 13 Figure 1 details the patients' follow-up. The majority of patients had 3 or more examinations (n = 181; mean follow-up, 5.8 years), but 64 had only 2 examinations (mean follow-up, 3.6 years). Most patients lost to follow-up had died or were too ill.
In addition, 341 population controls from the same communities, having lived in California for at least 5 years and marginally matched to patients on age, sex, and race were recruited and interviewed during the same interval (2001) (2002) (2003) (2004) (2005) (2006) (2007) ; more information about these community controls has been published. 10, 11 Controls were only passively followed, with no further contact with these participants, but we assessed mortality through vital statistics data searches. Thus, controls only contributed to mortality analyses.
Lifestyle Factors
Trained research staff conducted structured telephone interviews to obtain detailed information, including self-reported lifetime histories of (1) smoking; (2) average caffeinated coffee, caffeinated tea, and alcohol consumption across 4 age periods; (3) overall physical activity level across 4 age periods; and (4) participation in competitive sports.
Participants were asked if they ever drank certain beverages (caffeinated coffee, caffeinated tea, beer, wine, and liquor) and, if so, at what age they started and stopped. Those who reported consumption were asked to report average frequency, that is, how much (cup, bottle, can, glass, etc.) they usually drank per day (or per week/per month/rarely [<1/month]), during 4 periods of adulthood, 18-24, 25-44, 45-64, and ≥ 65 years. For each beverage, we calculated a weighted average of drinks per day from age 18 to diagnosis (patients) or interview date (controls). We classified participants as never drinkers, drinking less than or at/above the beverage-specific median intake per day (for patients and controls separately).
Participants were also asked to report the average number of days per week and hours per day they engaged in mild, moderate, or vigorous physical activity at work and leisure time during each age period. These data were used to derive a weekly physical activity score in metabolic-equivalent hours (MET-h/wk), which 
accounts for duration and intensity. 14 We calculated the sum of the MET-h/wk for every year of adulthood before the index date and divided it by the total number of adult years to derive an average lifetime activity score. Participants were also asked whether they ever participated in competitive sports; this included basketball (20.6% of participants), baseball (18.1%), football (18.1%), track and field (12.5 %), and softball (8.3%).
For each lifestyle factor, long-term exposure was based on each participant's reported habits prior to diagnosis (or interview for controls). Interviews took place shortly after enrollment, within 3 years of PD diagnosis, to track the progression starting early in the disease.
Clinical Outcomes
UCLA movement disorder specialists conducted physical examinations at each examination to assess PD progression and assigned patients to one of the Hoehn & Yahr (H&Y) stages (1-5) based on clinical descriptions of each stage. 15 If possible, patients were examined functionally while not receiving PD medications (off-score; 82% at the baseline examination and 80% at followup). We analyzed time to conversion to H&Y stage 3 (H&Y3). Patients scoring ≥H&Y3 at baseline (n = 31; Table 1 ) were excluded from these analyses.
Screening for global cognitive function was conducted at each examination with the Mini-Mental State Exam (MMSE). Studies investigating reliable change indices for the MMSE, which estimate the reliability that an individual's change in test scores is related to an actual cognitive change, have suggested that a reliable change over long intervals is represented by a 3-to 4-point drop on the MMSE. 16, 17 As our mean followup was 5.3 years (Table 1) , we defined cognitive decline as a 4-point decline from the baseline MMSE examination and time to event as the time between baseline examination and the follow-up examination in which a 4-point decline was first measured.
Continued mortality surveillance was carried out throughout the study (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) , primarily through vital statistics data, review of public obituaries, and continued active follow-up with patients and their families.
Statistical Analysis
We used Cox proportional hazards regression models to evaluate associations between lifestyle factors and progression or survival. We controlled for age (diagnosis or interview), sex, European ancestry, years of schooling, smoking history, and occupational exposure to pesticides (job exposure matrix). For mortality analysis, we also controlled for health indicators, including a history of heart attack, stroke, cancer, chronic obstructive pulmonary disease/emphysema, and type 2 diabetes. We calculated Spearman correlation coefficients between all lifestyle factors.
We considered ever/never beverage consumption and a 3-level beverage measure. MET-h/wk, standardized by the interquartile range (IQR), was analyzed as a continuous measure and also dichotomized at the median. Smoking was analyzed categorically (never, ex, current smoker) and as pack-years, with 1 year corresponding to 1 pack per day for a year. We also analyzed progression and survival in a multiexposure model, including ever/never coffee, alcohol, competitive sports, physical activity (MET-h/wk), and smoking in the same model.
When evaluating PD progression (4-point MMSE decline or H&Y3), we restricted to the patient subset with follow-up data (n = 244), excluding those lost to follow-up after baseline (n = 108). To account for selection bias that may have occurred from this censoring, we used inverse-probability weights for censoring (IPCW). 18 To determine which covariates to include in the IPCW, we considered several demographic characteristics, baseline signs of PD motor and cognitive dysfunction, and each lifestyle factor (Supplemental Table e-1).
We used SAS 9.4 (SAS Institute Inc., Cary, NC) for analysis.
Results
On average AE SD, the patient cohort was followed for 5.3 AE 2.1 years. A minority of patients reported never drinking coffee (n = 34; 14%), caffeinated tea (n = 67; 27%), or alcohol (n = 23; 9%), and 51% (n = 122) never participated in competitive sports (Table 1 ). Consumption of different types of alcohol (beer, wine, and liquor) were moderately correlated with each other (rho, 0.27-0.44), whereas physical activity measures (MET-h/wk and competitive sports) were not correlated with each other (rho, 0.02-0.23); see Supplemental Table e-2. Characteristics of patients lost to follow-up after baseline and of control subjects used in mortality comparisons are shown in Supplemental Table e-3.
In total, 209 PD patients (58%) and 67 controls (20%) died during follow-up (2001-2016); see Table 1 . Of the 244 PD patients assessed for progression, 50 (21%) experienced a ≥ 4-point decline on the MMSE, and 77 (32%) progressed to H&Y ≥ 3 ( Table 1) . Progression outcome events were only moderately correlated (rho, 0.23; P = 0.0003).
The time to mortality results are summarized in Table 2 and PD progression outcomes in Table 3 . Multiple factors influenced mortality among patients. Both ever coffee and caffeinated tea consumption (correlation rho, 0.15; P = 0.01) were protective against all-cause mortality (HR, 0.47; 95% CI, 0.32-0.69; HR, 0.67; 95% CI, 0.48-0.93, respectively). Alcohol consumption (vs never; HR, 0.72; 95% CI, 0.51-1.00) was also protective against mortality. This was seen specifically for beer and liquor, where relative to moderate drinkers (below the median drinks/day), those who never drank were at an increased risk (HR, 1.54; 95% CI, 1.07-2.22; HR, 1.46; 95% CI, 1.02-2.07, respectively). And a history of competitive sports was protective (HR, 0.71; 95% CI, 0.52-0.99). Smoking among both patients and controls was associated with an increased risk of mortality (Table 2) . Similarly, among population controls, alcohol consumption was also protective of all-cause mortality, where relative to moderate drinkers those who never consumed wine and liquor were at an increased risk (Table 2 ). However, coffee consumption was only suggestively associated with mortality among controls (HR, 0.56; 95% CI, 0.28-1.12), although our sample size of never coffee drinkers was limited (n = 48 never consumers among controls).
We considered the role of head trauma in competitive sports participation. Among patients, participating in competitive sports was associated with a history of reported head injury (OR, 2.66; 95% CI, 1.27-5.56). This association was not seen among controls (OR, 1.14; 95% CI, 0.43-3.00). Head injury was inversely associated with time from diagnosis to mortality among PD patients who participated in sports (participation: HR, 0.53; 95% CI, 0.28-1.04; no participation: HR, 0.93; 95% CI, 0.46-1.91), but head injury was not associated with mortality among controls.
A number of lifestyle factors were also associated with differences in signs of progression among the PD patients (Table 3) . Ever coffee consumption was protective against both cognitive decline (HR, 0.23; 95% CI, 0.11, 0.48) and transition to H&Y3 (HR, 0.52; 95% CI, 0.28-1.01); see Table 3 . For alcohol, those who never drank liquor were at increased risk of a 4-point decline on the MMSE (HR, 2.36; 95% CI, 1.21-4.60) and progression to H&Y3 (HR, 3.48; 95% CI, 1.90-6.38) relative to those who moderately consumed 
(below the median drinks/day). Although those who consumed liquor above the median were also at an increased risk of progression to H&Y3 (HR, 2.16; 95% CI, 1.03-4.54) relative to moderate consumers. The direction of association was similar for beer and wine, but they did not reach formal statistical significance (Table 3) . Current (baseline) cigarette smoking was associated with a 3 times higher risk of a 4-point decline on the MMSE (HR, 3.23; 95% CI, 1.03-10.15), but not with progression to H&Y3. Ever having engaged in competitive sports (HR, 0.46; 95% CI, 0.22-0.96) and higher lifetime average physical activity (MET-h/wk, HR per IQR, 0.71; 95% CI, 0.51-1.01) were protective against a 4-point decline on the MMSE during follow-up. Furthermore, competitive sports (HR, 0.42; 95% CI, 0.23-0.79), and MET-h/wk (HR per IQR, 0.73; 95% CI, 0.53-1.00) were also protective against a conversion to H&Y3.
When considering the progression results based on analyses that used the uncensored population with and without IPCW (Supplemental Table e-4), as expected, the loss to follow-up was found to likely bias associations toward the null. Bias toward the null occurs when a factor is related to loss to follow-up, and also the progression outcome and both associations have the same direction. This can be seen, for example, for caffeinated coffee, which was protective of loss to follow-up (OR, 0.41; 95% CI, 0.22-0.74; Supplemental Table e-1) and negatively associated with cognitive decline without IPCW (HR, 0.33; 95% CI, 0.14-0.77; Supplemental Table e-4). When applying IPCW, the results were stronger, suggesting selection bias toward the null (HR with IPCW, 0.23; 95% CI, 0.11-0.48; Table 2 ). There were no factors that resulted in selection bias away from the null, which would result if the factor was related to loss to follow-up in the opposite direction compared with the progression outcome. Median of lifetime weighted average drinks per day (>0) found in the baseline cohort; specific to patients or controls. <Median reference for never and ≥ median. Mortality associations were assessed in the entire baseline cohort. Models control for age at diagnosis, sex, European ancestry, years of schooling, smoking history, a history of heart attack, stroke, cancer, COPD/emphysema, and type 2 diabetes, and occupational pesticide exposures (JEM).
When including caffeinated coffee, alcohol, competitive sports, physical activity (MET-h/wk), and smoking in the same model, most factors remained significantly associated with the outcomes among PD patients (Supplemental Table e-5). These included never coffee and alcohol consumption and smoking with mortality. Ever coffee consumption and physical activity (competitive sports and MET-h/wk) were protective against a 4-point decline on the MMSE, whereas smokers were at an increased risk, and a history of participation in competitive sports protected against conversion to H&Y3 (Supplemental Table e -5) .
Given the strong associations between never coffee consumption and each of the outcomes among patients, we compared those who never drank caffeinated coffee with ever drinkers (Supplemental Table e-6). Those who reported never consuming coffee were younger at diagnosis (62.6 AE 10.9 vs 67.6 AE 9.5 years), had a longer PD duration at baseline (2.7 AE 2.2 vs 1.9 AE AE 1.4 years), and consumed less alcohol (44% vs 69% reported weekly drinking at some point). Other suggestive associations (P < 0.10) included that these patients more often displayed a tremor-dominant PD subtype, smoked less, and less often took baby aspirin used for heart heath compared with ever coffee drinkers (Supplemental Table e-6).
Discussion
This community-based PD patient cohort study provides evidence that lifestyle factors may modify PD symptom progression, and that certain factors may also influence mortality risk among PD patients, several acting in a very similar manner as seen among elderly controls from the same communities. Lifestyle practices present modifiable factors that can improve healthrelated quality of life and are known to influence the occurrence of many chronic diseases, including Median of lifetime weighted average drinks per day (>0) found in the baseline cohort; specific to patients or controls. <Median reference for never and ≥ median. PD progression associations were assessed after applying IPCWs to the uncensored population. Models control for age at diagnosis, sex, European ancestry, years of schooling, smoking history (excluded from smoking pack-years comparisons), and occupational pesticide exposures (JEM).
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cardiovascular events and cancers, and our study suggests this may also extend to the progression of PD. In our patient cohort (mean age at diagnosis, 66.9 years; average disease duration at enrollment, 2.1 years; and 5.3 years of follow-up), we show that a history of prediagnosis consumption of caffeinated coffee, tea, and moderate alcohol consumption, and physical activity protects against disease progression. This is interesting, given that previous studies have suggested that all these factors may protect against PD onset, although because of the long prodromal period in PD, reverse causation has not been ruled out. 19, 20 Even if these lifestyles do not protect the patients from developing PD, it seems that aside from smoking, they might contribute to maintaining their cognition and physical function and prolong survival in those afflicted.
Our results for caffeine, cognitive decline, and survival among patients are consistent with previous findings that linked caffeinated drink consumption to a reduction in risk of cognitive decline or Alzheimer's disease and all-cause mortality. 21, 22 Furthermore, the influence of caffeine seems to be stronger in PD patients, as we observed only a suggestive protective association with survival among controls for coffee (HR, 0.56; 95% CI, 0.28-1.12) and none for tea.
Best known as a psychoactive stimulant and antioxidant, caffeine increases alertness acutely. It may also protect against low-density lipoprotein oxidation and reduce oxidative DNA damage. 23 Caffeine is also an A 2A adenosine receptor antagonist, and selective A 2A -antagonists have been shown to be neuroprotective and attenuate dopamine loss. 24 In animal models of PD, treatment with caffeine ameliorated oxidative stress, restored the depletion of midbrain and striatal dopamine, prevented decline in motor activities and muscular strength, and improved norepinephrine level. 25 Allcause mortality studies suggest that the inverse association with caffeine may be attributable to caffeine's protection against cardiovascular disease and some cancers. 22, 26, 27 We did not assess specific causes of death among patients because of sample size limitations, but we did control for these comorbidities when assessing all-cause mortality.
Two previous PD patient cohorts found no associations between caffeine and PD motor progression. 6, 7 However, the participants were younger at onset and more selected, having been recruited from a tertiary-care facility (mean age of onset AE SD of 58.1 AE 11.3 years) 6 or from the National Institute of Neurological Disorders and Stroke (NINDS) Exploratory Clinical Trials. 7 NINDS participants tended to be well educated, not in need of care or requiring symptomatic therapy, with more than half still actively employed. Furthermore, their mean age at diagnosis was 60.8 years, and they were only followed for 1 year. 7 Our population represents an older, community-based population from rural California, which may explain the differences in results and emphasizes the importance of studying lifestyle and other factors in community-based populations for prolonged periods.
Consistent with a previous report, we found no associations between smoking and PD motor progression. 5 However, our results do suggest that current smoking is associated with an increased risk of cognitive decline during follow-up; this is especially important given that it contrasts with the protective associations reported with PD onset. 3 A history of smoking was also associated with an increased risk of all-cause mortality. As expected, we observed this among both patients and controls.
The influence of lifetime alcohol consumption on PD progression has not been widely studied. Based on general health literature, 28 we hypothesized a J-or U-shaped association with alcohol, with both never drinkers and heavy drinkers at increased risk of symptom progression relative to moderate drinkers. In fact, this became apparent for all types of alcohol consumed by participants (beer, wine, and liquor) for time to H&Y3 conversion, although only the association with liquor consumption reached formal statistical significance. Patients never consuming liquor were at increased risk of H&Y3 conversion and cognitive decline, and among both patients and controls they were at increased mortality risk. Those who drank more heavily were also at increased risk of H&Y3 conversion. Unlike those who never drank caffeinated coffee, those who never drank liquor were quite similar to other PD patients. However, never drinking was associated with other factors we found to influence progression. Never liquor consumers were less likely to drink coffee, wine, or beer (data not shown). Thus, the protective associations may be because of a combination of coffee and moderate alcohol consumption. However, we did not see any evidence for statistical interactions between coffee and alcohol. Additional studies to elucidate the role of lifelong alcohol consumption on PD progression are needed.
Previous population-based studies have indicated that frequent moderate or vigorous physical activity (PA) in adulthood may reduce the risk of PD. 4, 14 Here we show that a history of competitive sports and more lifelong PA also predict slower motor and cognitive decline. If predisease activity level is not solely based on prodromal PD related-symptoms that reduce activity at this stage, our results suggest that PA prior to diagnosis may indeed slow down disease progression. Exerciseinduced neuroprotection has been seen in animal models, and in PD patients, PA improved motor and cognitive function. [29] [30] [31] A history of competitive sports was protective against all-cause mortality among patients, though not in controls. The types of sports most reported included football and basketball, and interestingly, participation was associated with a history of head trauma among patients, but surprisingly not in controls. Although competitive sports and head trauma were associated with PD risk in opposite directions, we found that patients who were younger at diagnosis reported more sports participation and also head trauma. The observation that head trauma in patients (but not controls) was protective against time to mortality from diagnosis may suggest residual confounding or reporting bias among younger patients who are searching for a cause for their disease. Importantly, however, sports participation was associated with a slower progressing subtype of PD, especially in terms of cognitive decline.
Although previous studies have suggested leisure-time PA can reduce all-cause mortality, 32 we did not find associations between lifelong PA and survival in patients or controls, measured by MET-h/wk. Leisuretime and work-related PA can have different effects on mortality, with some work-related PA imparting detrimental effects. 33 In our agricultural study area, greater lifelong PA may mean more physically challenging work in farming, with harmful exposures. We controlled for occupational pesticide exposures based on a job exposure matrix, yet the paradoxical effect of high occupational PA or correlated work hazards that we were not able to control for may explain the MET-h/ wk associations among controls, wjth higher PA suggestively associated with an increased mortality risk.
We selected our outcome cut points based on previous reports. Conversion to H&Y3 is a common cut point used for motor progression, as it signifies the point at which disability advances from mild to moderate, with the appearance of postural instability. 15 We did not have clinical information on cognitive impairment or dementia for all participants; thus, we relied on the MMSE. It is recognized that not all changes in MMSE score reflect true clinical changes; thus, we used reliable change indices. Previous studies have shown that changes of 3-4 points on the MMSE over longer intervals provide sufficient confidence that an individual has experienced a functional cognitive change. 16, 17, 34 Furthermore, patients with a 4-point decrease must have scored ≤26, a common cut point signifying cognitive impairment.
Our study is one of few population-based prospective PD patient cohorts. Although we were unable to follow all PD patients enrolled at baseline, primarily because of death and illness, we used IPCW methods to account for censoring. Although IPCW does not eliminate censoring, it ensures that censoring occurs randomly with respect to measured covariates. 18 Still, this method only accounts for factors included in the censoring model, and some bias from unmeasured factors may remain. A notable strength of our study is the well-characterized PD population. All patients were examined by the same UCLA movement disorder specialists who standardized their clinical evaluations throughout the study, minimizing outcome misclassification. Also, follow-up began shortly after diagnosis, allowing us to track the natural history of progression. Because of our community-based design, our results are also likely more generalizable and reflective of average PD populations than patient cohorts assembled at tertiary-care centers.

